INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT, 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
23 May 2002 (23.05.2002) 




PCT 



(10) International Publication Number 

WO 02/40825 Al 



(51) Internationa! Patent Classification 7 : E2 IB 29/00 
43/10, B21D 39/10 ' 



(21) International Application Number; PCT/GB0L/05068 

(22) International Filing Date; 

16 November 2001 (16.11.2001) 

(25) Filing Language: ' ^gish 

(26) Publication Language: English 

(30) Priority Data: 

0028041.2 17 November 2000 (17.1 1.2000) GB 

(71) Applicant (for all designated States except US): WEATH- 
ERFORD/LAMB, INC. [US/US]; c/o CSC, The United 
States Corporation Company, 1013 Centre Road, Wilm- 
ington, DE 19805 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): LAWRENCE, Lewis 
[GB/GBJ ; The Home Farm House, Kemnay, Aberdeenshire 
AB51 5LH (GB). 

(74) Agents: McCALLUM, William, Potter et al.; Cnrik- 
shank & Fairweather, 19 Royal Exchange Square, Glasgow 
Gl 3AE (GB). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU 
AZ. BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC* 
LK. LR, LS, LT, LU, LV, MA, MD, MG. MK, MN. MW 
MX, MZ, NO. NZ, OM, PH, PL, PT, RO, RU, SD, SE, Sg! 
SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN 
YU,ZA,ZM,ZW. ' 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL. SZ, TZ, UG, ZM, ZW) 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM) 
European patent (AT, BE, CH, CY, DE, DK, ES, Fl Fr! 
GB, GR, IE, IT, LU. MC, NL, FT, SE, TR), OAPI patent 
(BF. BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ting of each regular issue of the PCT Gazette. 



= (54) Title: EXPANDER 



3 



O 




WO 02/40825 PCT/GB01/05068 



This invention relates to an expander primarily 
intended for use in expanding tubing downhole. 

It has been proposed to use a roller expander to 
expand slotted and solid tubing in drilled bores, and in 
particular in oil and gas wells, such as described in, for 
example, WO 00/37767, WO 00/37768 and WO 00/37771. A 
typical roller expander comprises a body carrying a number 
of radially movable rollers. The rollers may be mounted on 
pistons or cones such that elevated internal fluid pressure 
6r axial force may be applied to the expander to urge the 
rollers radially outwardly into contact with a surrounding 
expandable tube. By simultaneously rotating and advancing 
the expander a length of tubing may be expanded from a 
first diameter to a larger second diameter. 

It is among the objectives of embodiments of the 
present invention to provide an improved roller expander 
for use in such applications: 

According to a firBt aspect of the present invention 
there is provided a tubing expander comprising a body 
carrying at least one radially movable expansion member and 
a sleeve mounted about the body and being radially 
supported by the expansion member. 

The invention also relates to a method of expanding 
tubing comprising the steps: 

providing a tubing expander comprising a body carrying 
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at least one radially movable expansion member and a sleeve 
mounted about the body and being radially supported by the 
expansion member; 

locating the expander in a tubing section of a first 
5 diameter; 

radially extending the expansion member to urge a 
portion of the sleeve into contact with an internal surface 
of the tubing section; and 

rotating the expander such that the sleeve is rolled 

10 around the internal surface of the tubing section and 

expands the tubing section to a larger second diameter. 

The invention has particular application in expansion 
of slotted expandable tubing, in which an unexpanded tubing 
section features a plurality of overlapping axial slots. 

15 Expansion of the tubing is accommodated, at least in part, 

by bending of the fingers or webs of material between the 
slots, such that in the expanded tubing the slots assumed 
a diamond shape . With conventional roller expanders, 
featuring generally cylindrical rollers or balls mounted 

20 around an expander body, the relatively small diameter 

rollers or balls tend to drop into the slots, that is as 
the expander rotates and a ball encounters a slot, the ball 
will be pushed outwardly into the slot and must then be 
pushed inwardly out of the slot, against the ball actuating 

25 force, to allow the ball to move past the slot. The 

circumference of a typical slotted tube may feature nine 
slots, and when an expander is being rotated within such a 
pipe at, for example, 250 rpm, the expander and string will 
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experience a degree of vibration. However , in the present 
invention the sleeve has a relatively large diameter, such 
that the sleeve will not drop into the slots to the same 
extent; the sleeve will tend to bridge the Blots, such that 
5 the rotating expander experiences less vibration and 

requires a lower torque to rotate the expander. Of course 
the expander may be utilise to expand other forms of 
tubing, including but not limited to solid-walled tubulars, 
tubulars with other slot patterns, tubulars with holes of 

10 a variety of sizes and patterns, tubulars with purposely 
machined or cast "defects", such as zones of thinned wall, 
and tubulars which have been longitudinally folded or 
corrugated into various forms. 

Although reference is made above to a tubing section 

15 of a first diameter, the invention is not limited to use in 

tubulars which are initially cylindrical, and as noted 
above may be utilised in one or both of the unfolding and 
radial expansion of tubulars which have been longitudinally 
folded or corrugated into various forms. Further, the 

20 invention may be used independently or in combination with 

other unfolding or expansion tools, devices or mechanisms. 

The portion of the tubing section subject to 
deformation may be relatively short, for example to create 
a patch or straddle, or to create a hanger or a seal. 

25 Alternatively, the tubing section may be of considerable 

length. 

Preferably, the expander comprises a plurality of 
radially movable expansion members and associated sleeves. 
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In a preferred embodiment, four sets of . 

ar - i S6ts of expansion members 

and sleeves are provided. Adjacent «™ • 

c ^ ^ajacent expansion members are 

preferably circumferentially offset 

pnhn ,, , y onset. i n a preferred 

embodiment, a first set of two adia^f 

adjacent expansion members 
are mutual!. offset fay ^ ^ ^ ^ ^ 

— » are mlnalIy offset by 18o „ ^ 

7 s ~" °" S " * "■ *— the leading 
- eve feetures . tapered l£ading end( ^ » 

elativel y long. The ^ slfieves J 

^ leadiD9 — ■ - — r of the slaavea may 
m-ease «» the laading and of the expander Qf J 

P articu ia r applications of the ^ 

benefit from the provision of p a rticul ar nun* 

F«cicuj ar numbers of sets of 
sleeves and members, psrticular- .1 

particular sleeve configurations, and 
Particular expansion member offsets. 

Tbe sleeve axis. ma y be adapted to remain paraliel to 

the axis of tbe tuMng section as the sleeve rotates. In 
sucb an arrangement it u neceseary ^ ^ ^ 

axial force to move tbe expander axiaU y through tbe tubing 

section. Altemstively, the sleeve exis mav k „ 
„. .. e axis m ay be skewed 

relative to the axis of the tubing section • . 
. . 9 Mctl °". M which case 

t h roteting sleeve, in contect with the tubing section 

induce en exiel £or ce on the expender. minimising or 
obviating the raquirenent to apply ^ ^ ^ 

advance the expander. Th e outer surface of the sleeve ma y 
define a contact surface, such as . helical pro£ile ^ 
screw threed. to fecilitate creation and trensfer of axial 
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force . 

Preferably, the expansion members comprise pistonp 
mounted in corresponding blind recesses in the expander 
body. The recesses may communicate with an axial fluid 
passage in the body. Conveniently, the recesses are 
cylinders, facilitating cutting of the cylinders in the 
body. Most preferably, the expansion members further 
comprise rollers mounted, on piston-mounted axles. 
Preferably, the axles extend axially of the expander body. 

Preferably, the body defines a leading end dimensioned 
to be a snug fit in the tubing section to be expanded, to 
stabilise the expander in the tubing. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
15 accompanying drawings, in which: 

Figure 1 is a perspective view of a tubing expander in 
accordance with a preferred embodiment of the present 
invention; 

Figure 2 is a side view of the expander of Figure 1; 
Figure 3 is an enlarged sectional view on line 3 - 3 



10 



20 



25 



of Figure 2; 

Figure 4 is a sectional view of the expander of Figure 



l; 



Figure 5 is a perspective view of the expander of 
Figure 1, shown in the actuated configuration; 

Figure 6 is a side view of the actuated expander of 

Figure 5; 

Figure 7 is an end view of the actuated expander of 
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Figure 5 ; 

Figure 8 is a sectional view on line 8 - 8 of Figure 
6 ; and 

Figure 9 is a sectional view of the expander of Figure 

5 5. 

Figures 1 to 4 of the drawings illustrates a tubing 
expander 10 in accordance with a preferred embodiment of 
the present invention, shown in a retracted configuration. 
Figures 5 to 9 of the drawings illustrate the expander 10 

10 in an actuated or extended configuration. The expander 10 

comprises an elongate body 12 adapted for mounting on the 
end of an appropriate tubular running string (not shown) . 
The leading end of the body carries a rounded nose 14 which 
is dimensioned to be a snug fit in a tubing section 11 

15 which the expander 10 will be utilised to expand. 

Mounted around the expander body 12 are four 
cylindrical sleeves 16. The sleeves 16 are spaced apart 
and are located on the body 12 by thrust collars 18 
releasably secured to the body 12 by appropriate threaded 

20 pins 20. Each sleeve 16 defines an internal 

circumferential channel 22 (Figures 4 and 9) which co- 
operates with a respective piston-mounted roller 24. Each 
roller 24 is mounted on an axle 26 pinned to an outer end 
of a respective piston 28, each piston being radially 

25 movable in a blind cylinder 30 formed in the body 12. Each 

cylinder 30 intersects an axial fluid passage 32 which 
extends through the expander body 12. Thus, an increase of 
fluid pressure within the passage 32 tends to urge the 
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pistonB 28, and thus the rollers 24, radially outwardly. 
The maximum radial travel of each piston 28 is determined 
by a pair of plates 34 pinned to the body 12 and which are 
adapted to engage a step 36 defined on the piston 28. 
5 Radial extension of a piston 28 carries the respective 

sleeve 16 to a position in which the sleeve axis is offset 
from the body axis, as is perhaps best illustrated in 
Figure 8. The body 12 is profiled to permit such movement 
of the sleeves 16, the opposite face of the body 36 at each 
10 piston defining an arc of diameter corresponding to that of 

the sleeve 16. This movement and offsetting of the sleeves 
16 results in the actuated expander 10 describing a 
significantly greater diameter than the retracted expander, 
and thus a diameter greater than the individual sleeves 
15 themselves . 

The leading sleeve 16a is relatively long in 
comparison to the other sleeves 16b-d, and also features a 
tapering leading end 38 to facilitate the initial expansion 
of a tubing section 11 from an inner diameter corresponding 
20 to the outer diameter of the expander nose 14. 

In use, the expander 10 is mounted on the end of a 
running string, together with a motor, and run into a bore. 
The expander 10 may be run into the bore together with a 
section of tubing to be expanded, or may be run into tubing 
25 section already located within a bore. The expander 10 has 

particular application in expanding axially slotted tubing, 
such as sold under the EST trade mark by the applicant, and 
as featured in a range of other expandable products 
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supplied by the applicants, such as the sandscreens sold 
under the ESS trade mark. On reaching the location in the 
bore where the tubing is to be expanded, at least the 
tubing nose 14 is located in the upper or trailing end of 
the tubing 11. The fluid pressure within the passage 32 is 
then increased to extend the pistons 28, and to urge the 
sleeves 16 towards the fully extended positions as shown in 
Figures 5 to 9. The expander 10 is then rotated and 
advanced axially into the tubing 11. The sleeves 16 are 
urged into contact with the internal surface of the tubing 
11 and expand the tubing to a larger second diameter. The 
presence of four mutually offset sleeves 16 (the leading 
pistons and rollers are arranged to offset the extended 
sleeve 16a, 16b by 180*, the trailing sleeves 16c, led are 
similarly mutually offset, and the leading and trailing 
sleeve sets 16a, 16b and 16c, 16d are offset by 90-/270*) 
serves to stabilise the expander 10 in the tubing and 
provides for a progressive expansion of the tubing. 

As will be apparent to those of skill in the art, the 
relatively large diameter of the sleeves 16 results in the 
sleeves 16 bridging the. slots in the tubing 11, even as the 
circumferential extent of the slots increases as the tubing 
is expanded. This reduces the vibration experienced by the 
rotating expander 10, and also reduces the torque necessary 
to rotate the expander 10. 

It will further be apparent to those of skill in the 
art that the above described embodiment is merely exemplary 
of the present invention, and that various modifications 
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and improvements may be made thereto without departing from 
the scope of the invention. For example, the expander may 
be mounted on any appropriate support, such as coil tubing, 
in combination with a downhole motor for rotating the 
expander, or a string of drill pipe, allowing the expander 
to be rotated from surface. Further, while the present 
invention has particular application in expanding slotted 
tubing downhole, the expander may be used in the expansion 
of other tubing forms, and in other situations. 



SUBSTITUTE SHEET (RULE 26) 



WO 02/40825 



10 



PCT/GB01/05068 



CLAIMS 



1. A tubing expander comprising: 

a body adapted for rotation within tubing to be 
expanded; 

at least one radially movable expansion member mounted 
on the body; and 

a sleeve mounted about the body and being radially 
supported by the expansion member, the sleeve being adapted 
to be offset from the body when the expansion member is 
actuated to provide a rolling contact with an inner surface 
of tubing to be expanded as the body is rotated within the 
tubing . 

2. The expander of claim 1, in combination with a section 
of expandable tubing. 

3. The expander of claim 1, in combination with a section 
of expandable tubing which defines a plurality of openings 
before or following expansion. 

4. The expander of claim 2 or 3, wherein the body defines 
a leading end dimensioned to be a snug fit in the tubing 
section . 
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5. The expander of claim 1, 2, 3 or 4, wherein the 
expander comprises a plurality of radially movable 
expansion members and associated sleeves. 

6. The expander of claim 5, wherein four sets of 
expansion members and sleeves are provided. 

7. The expander of claim 5 or 6 f wherein adjacent 
expansion members are circumf erentially offset. 

8. The expander of claim 7, wherein a first set. of two 
adjacent expansion members are mutually offset by 180°, and 
a second set of two expansion members are mutually offset 
by 180° , and the first and second sets of expansion members 
are offset by 90°. 

9. The expander of any of claims 5 to 8, wherein at least 
one of the sleeves has a tapered leading end. 

10. The expander of any of claims 5 to 9, comprising a 
leading sleeve having a tapered leading end. 

11. The expander of any of claims 5 to 10, comprising a 
leading sleeve which is longer than the other sleeves. 

12. The expander of any of claims 5 to 11, wherein the 
sleeves increase in diameter from the leading end of the 
expander. 

e 

SUBSTITUTE SHEET (RULE 26) 



WO 02/40825 

PCT/GB01/05068 



12 



13- The expander of any of the preceding claims, wherein 
the expansion member is fluid actuated. 

14- The expander of any of the preceding claims, wherein 
the expansion member comprises a piston mounted in a 
corresponding recess in the expander body. 

15- The expander of claim 14, wherein the recess 
communicates with an axial fluid passage in the body. 

16. The expander of claim 14 or 15, wherein the recess is 
substantially cylindrical. 



17. The expander of any of the preceding claims, where 
the expansion member comprises a roller for engaging 
inner face of the sleeve. 



xn 
an 



18. The expander of claim 17, wherein the roller is 
mounted on an axle extending axially cf the expander body. 

19. The expander of any of the preceding claims, wherein 
the sleeve axis is adapted to remain parallel to the axis 
of a tubing section as the sleeve rotates therein. 

20. The expander of any of claims 1 to 18 , wherein the 
sleeve axis is adapted to be skewed relative to the axis of 
a tubing section as the sleeve rotates therein, whereby 
rotation of the sleeve, in contact with a tubing section, 
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induces an axial force on the expander. 

21. The expander of any of the preceding claims, wherein 
the outer surface of the sleeve defines a contact surface 
adapted to facilitate creation and transfer of axial force 

5 between the sleeve and a tubing section as the sleeve 
rotates therein. 

22. A method of expanding tubing comprising the steps: 
providing a tubing expander comprising a body carrying 

at least one radially movable expansion member and a sleeve 
10 mounted about the body and being radially supported by the 
expansion member; 

locating the expander in a tubing section of a first 

diameter; 

radially extending the expansion member to urge a 
15 portion of the sleeve into contact with an internal surface 
of the tubing section; and 

rotating the expander such that the sleeve is rolled 
around the internal surface of the tubing section and 
expands the tubing section to a larger second diameter. 

20 23. The method of claim 22, comprising expanding the 

tubing section downhole. 

24. The method of claim 22 or 23, wherein the tubing 
section is slotted expandable tubing and expansion of the 
tubing enlarges the slots. 
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25. The method of claim 22, 23 or 24 , comprising 
stabilising the tubing section on the expander by locating 
a leading end of the stabiliser in the unexpended tubing 
section. 
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